Talinium triangulare have been proven to offer promising antiulcer properties which could validate its"folkoric use for the treatment of gastric ulcer in various part of Nigeria. This study investigates the role of methanolic extract of Talinium triangulare (METT) in gastric ulcer healing and the possible mechanisms involved. Twenty-eight male wistar rats (160-180gm, n=7) were grouped into; A-control, B-ulcerated untreated, C-ulcerated treated with Omeprazole (20 mg/kg b.w.) and D-ulcerated treated with METT (100 mg/kg b.w.). Gastric ulcer was induced by injecting 0.2 MLs of 40% acetic acid into the glandular part of the stomach for 45 seconds after which it was withdrawn, and the stomach surface cleaned with normal saline. Stomach samples were collected by day 14 post ulceration and assessed for ulcer score; a section of it was fixed for histological evaluation and immunohistochemical (Avidin-Biotin Immunoperoxidase method) analysis. Stomach tissue homogenates were used for enzymatic activities. Results were subjected to statistical analysis using analysis of variance method. There was a significant reduction in the ulcer area of the METT treated group compared with other ulcerated treated and untreated groups. Malondialdehyde concentration of the gastric tissue homogenate was significantly lower in METT treated group compared to other groups. The METT treated group significantly increased the level of superoxide dismutase and catalase compared to other test groups. Histological study showed that only METT treated rats produces predominantly normal mucosa, METT treated rats also expressed CD31 (a marker of angiogenesis) and EGFR (a marker of proliferation) more than the other rats, while the expressions of Ki67 (proliferation) and p53 (Apoptosis) by METT group were not different from other groups. Methanolic extracts of Talinum triangulare accelerated the healing of gastric ulcers in rats probably through reduced oxidative stress, increased cell proliferation, and angiogenesis.
Introduction
Peptic ulcer occurs due to an imbalance of the gastric mucous membrane milieu. This causes injury as a result of unevenness between aggressive factors (acid, pepsin, Helicobacter pylori and non-steroidal anti-inflammatory drugs) and mucosal defensive factors (mucus bicarbonate, blood flow and prostaglandins) 1 . Gastric ulcer healing is a complex gastric tissue regenerative process comprising of cell migration, have been found effective in the treatment of peptic ulcer with different variations and mechanisms in the rate of gastric ulcer healing 7, 8 . Various adverse drug reactions and resistance to synthetic gastric ulcer drugs have been highlighted during the course of treatment not to over stress its cost constraint on the populace involved 9 . As a result, it has been discovered that most patients resolve to herbal formulation from folkloric medicine which have recorded low cost of purchases, less adverse drug reactions and are ready available 9 .
Anti-ulcer potentials of some botanicals like plants, herbs, fruits and vegetables are investigated to replace conventional drugs probably due to their effectiveness as a result of notable inherent active phytochemicals (such as flavonoids, terpenoids, and saponins) as well as their easy availability with low cost 10 .
The vegetables, in particular, are used partly as condiments or spices in human diets offering varied useful trace, micro, and macronutrients to the body 11, 12 . Talinum triangulare (Portulacaceae) popularly known as 'water leaf', is a nonconventional vegetable originating from tropical Africa, but grown extensively in West Africa, Asia, and South America 13 . In
Nigeria, the indigenous Efiks, Ibibios, and Yorubas, use it in the preparations of "Afang", Edikaiko and "Gbure" soups, respectively. The leaves are rich in vitamins, β-carotene, proteins and minerals (such as calcium, potassium, and magnesium) 14 . It has also been documented to contain an appreciable amount of flavonoids, alkaloids, and saponins 15 .
Talinium triangulare leaves are documented to be beneficial in the management of the cardiovascular diseases 15 , act as an antibacterial 16 , and as a tonic in the relief of dystocia 17 . The macerated leaves are applied locally to treat a wound, scabies, and cuts
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. It is also used as a laxative, purgative, antidiarrhea 19, 20 , and most especially as an anti-ulcer in the gastrointestinal tract 18, 21 probably as a result of its major phytoconstituents which include: alkaloids, flavonoids, saponins, and tannins, known for medicinal and nutritional values 15 .
Despite the significant and promising anti-ulcer properties of Talinium triangulare, there is still paucity of information on the mechanism by which this plant exhibit gastric ulcer healing.
Therefore, this present work was aimed to evaluate its role in the healing of gastric ulcer induced by acetic acid in male wistar rats as well as the possible mechanisms involved.
Materials and Methods

Collection and identification of plant materials
The leaves of Talinium Triangulare were obtained during the peak of a dry season from a waterlogged area near the Faculty 
Preparation of extracts
The collected identified leaves were air dried and constantly checked in a shade for 20days to prevent rotting after which it was milled to powder using Philips Electric blender (made by Philips Electronics Ltd., Japan). 500gm of the coarse powder were weighed into glass jars and well macerated in 4000 ml of ethanol, by soaking the sample for 48 hrs and constantly turning with a glass rod for even extraction. The extracted sample was filtered using Whart manns" filter paper of 9 cm diameter and a pore size of 11µ. The extracted sample was concentrated using a steam bath set at a temperature of 35 °C , so as to preserve the active phytochemicals and compounds present in the extract. After concentrating the filtrate, the percentage yield was 6.4% and a residue of 109.2gm was obtained. The formula for calculating the amount of extract administered to each experimental animal in millilitres is given below.
Experimental animals
Twenty-eight male Wistar rats, weighing between 160-180gm was purchased from the animal house, Ladoke Akintola 
Experimental design
The animals were randomly allocated into 4 groups, with each group consisting of seven rats: Group A-control group (received 
Induction of ulcer
Gastric ulcer was induced using acetic acid with little modifications 23 . Briefly, animals were fasted for 24 hours, anaesthetized with a mixture of xylazine (0.0005 ml/g b.w.) and ketamine (0.0015 ml/g b.w.) and their stomach exposed. The outer wall of the exposed stomach was held with a pair of eye forceps ring and fastened for firm grip (to prevent leakage) while 0.2ml of 40% acetic acid was injected into the intra-luminal glandular portion of the stomach using a syringe. The injected acetic acid was later withdrawn after 45 seconds. A cotton wool soaked in normal saline was used to clean the stomach before the abdomen was sutured back and animals were allowed to recover. Animals were then given free access to feed and water throughout the experiment.
Ulcer area
The inner surface of the stomach was observed with a dissecting magnifying glass to evaluate gastric lesion in form of macroscopic ulcer area (mm 
Measurement of protein content
The protein content of the gastric tissue collected was measured using method developed by Bradford 24 , as reported by Dewi et al.
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.
Determination of lipid peroxidation status and antioxidant enzyme activities
On sacrificing the animal after the treatment period, stomach was carefully excised, cut along greater curvature and gently rinsed in cold phosphate buffered saline to eliminate the gastric contents. The stomach tissues were then homogenized in a phosphate buffer (pH 7.0) with the aid of a homogenizer after which it was centrifuged at 4000 revolutions / minute for ten (10) min. The supernatant layer was then collected for the biochemical analyses. Malondialdehyde (MDA) concentration,
Superoxide dismutase (SOD), Catalase (CAT) and Glucose
Oxidase Activities were determined as described in previous studies 26, 27, 28 .
Histological processing and examination
A histological study was carried out as described by Ogihara and Okabe
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. A small section of a stomach was taken from two distinct areas of each stomach and placed in 10% formalin for histological examination. This excised stomach piece was fixed, cut into 5 μm sections, stained with Hematoxylin and Eosin.
Immunohistochemistry study
Immunohistochemistry study was carried out by using the The sections were washed with water and counterstained for 2 minutes with haematoxylin, followed by dehydration in graded ethanol, cleared in xylene, and then mounted with DPX and examined under a light microscope at magnification X10.
Evaluation of immunohistochemistry results
To analyze the expression of p53, EGFR, KI67 and CD31
protein, the intensities of staining and quantity of cells stained The absence of membrane staining or cytoplasmic staining was reported as negative.
Statistical analysis
All values are presented as Mean ± SEM (standard error of the mean). The statistical significance of differences among groups was assessed using one-way ANOVA and value of p<0.05 was considered significant.
Results
Effect of methanolic extract of Talinum triangulare treatment on ulcer area of gastric mucosa after induction of ulcer
There was a significant decrease in ulcer area (by day 14 post- Figure 3 below shows the expression of Ki67 by day 14 post ulceration; all other groups of animals showed mild expression of Ki67, except the Omeprazole treated animals that were negative for the expression of Ki67. 
Immunohistochemical Analysis
Effect of Methanolic extract of Talinum triangulare on the
Ki67 expression
Effect of methanolic extract of Talinum triangulare on the epidermal growth factor receptor (EGFR) expression
Effect of methanolic extract of Talinum triangulare on the expression of CD31
Effect of methanolic extract of Talinum triangulare on the expression of p53
Figure 6 below shows the expression of p53 by day 14 post ulceration; all the groups of rats showed mild expression of p53 on the gastric mucosa.
Effect of methanolic extract of Talinum triangulare on the intensity of expression of KI67, EGFR, CD31 and p53
Table 2 below showed the intensity of expression of Ki67, EGFR, CD31 and p53 by day 14 post ulceration.
Discussions
The form of gastric ulcer produced for this study 23 has been established to resemble human ulcers in terms of pathological features and similar healing processes and or mechanisms.
This study sought to investigate the probable roles methanolic Saponin, especially triterpenes type mediate its effect by the potentiating formation of mucus on the gastric mucosa thus protecting the mucosa from the adverse effect of gastric acid by inhibiting prostaglandin F 2 alpha 35, 36 . Lipid peroxidation as a biomaker of oxidative stress is caused by aggravated reactive oxygen species (ROS) 39 . It had been confirmed that endogenous antioxidants (superoxide dismutase and catalase) are also involved in mopping up these free radicals produced during healing processes 40 . The reaction of superoxide dismutase with these ROS leads to the production of hydrogen peroxide within itself is also toxic and hinders healing 39 . Catalase, on the other hand, reacts with this hydrogen peroxide produced to form water and oxygen to the healing tissue 40 . The rate at which these endogenous antioxidant enzymes are produced to mop up the ROS produced invariably leads to being enhanced or facilitated ulcer healing 38 . Gastric ulcer healing is a genetically programmed cell repair process which includes inflammation, cell proliferation, reepithelization, the formation of granulation tissue, angiogenesis, an interaction between various cells and the matrix and tissue remodelling, all resulting in scar formation 2, 42 . These events are controlled by programmed cytokines, growth and transcription factors activated by tissue injury in spatially as well as temporarily coordinated manner 43, 44 . The molecular mechanism by which METT promotes gastric ulcer healing was investigated immunohistochemically in this study by the evaluation of proliferative (Ki67 and EGFR), apoptosis (p53) and angiogenesis (CD31) markers.
The re-growth of blood vessels into the ulcerated area, i.e., angiogenesis is essential for healing to take place as increased flow of nutrients and oxygen to the ulcerated or breached tissue accelerates the healing process/ rate 45, 46 . This initial step is of utmost importance for healing to occur. 52, 53 . The previous study also reported that EGFR plays an important role in apoptosis, proliferation, differentiation 54 and activate cell migration via autocrine or paracrine action 55 . In this study, the expression of EGFR was mild in other groups but moderate in the Talinum triangulare leaf extract treated group this might be suggestive of another probable mechanism by which it (METT) might have facilitated experimentally induced gastric ulcer healing.
P53 is also known as cellular tumor antigen p53 or phosphoprotein p53 or tumor suppressor; p53 is an apoptotic protein seen to be expressed in so many cancers, aging and some chronic inflammation cases 56 . The expression of p53 was not significant for the healing rate since there was no disparity in the intensity of expression among the groups which might be suggestive that . apoptosis may not have a role in this (form of experimental chronic gastric ulcer) healing process.
The histological observations show that there were no injuries to the gastric mucosa of the control group compared with the untreated group which showed the appearance of deep and surface at mucosal ulceration. There was mild disruption of the mucosa and edema with mild inflammation in the group treated with omeprazole while those treated with Talinum triangulare showed apparently normal gastric mucosa. The results implied that treatment with Talinum trangulare at a dose of 100 mg/kg improved healing of gastric ulcers better than omeprazole.
These histological (H and E staining) evaluations revealed that rats treated with Talinum triangulare demonstrated the ability to regenerate breached or ulcerated gastric mucosa faster than other treatment groups.
Conclusions
In conclusion, healing was probably accelerated in METT treated group due to the appreciable amount or presence of flavonoids and saponins in the leaves. The observed suggestive mechanism by which Talinum triangulare accelerated gastric ulcer healing might be by increased proliferative and angiogenic activities via an antioxidant dependent pathway.
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